space of higher dimension. Rieinann formulated the geometry of surfaces
as entities in their own right in 1854. Eventually geometry incorporated
the algebraic notions of symmetry and groups. What emerged was tensor
analysis, a subject founded by Bianchi, Levi-Civita, Christoffel, Ricci,
and others.

Einstein embraced this intellectual framework to explain his funda-
mental ideas about gravity, proposing his General Theory of Relativity in
1915. Einstein's basic equation sets the curvature of space proportional
to the density of energy; the fundamental constant of proportionality
is defined to be the gravitational constant. From this point of view,
gravitational force results from the curvature of space. Relativity the-
ory yields Newton's force law for gravitation as the limiting case of a
space-time with small curvature.

The second fundamental force of classical physics is electromag-
netism. In 1918 mathematician H. Weyl observed that the electromag-
netic forces could necessarily be inferred from the geometry of space.
He based his study on scale transformations of space; for this reason he
called electromagnetism a "gauge theory."

This conceptual advance was not fully appreciated at the time, but
the gauge picture ultimately led to our modern effort to unify the four
fundamental forces: gravity, electromagnetism, strong forces, and weak
forces. What startled physicists nearly forty years later was a simple but
profound generalization of electrodynamics (as described by the basic
equations of Maxwell dating from 1873, reinterpreted by Weyl, and also
incorporating the equations of Dirac). In 1954, Yang and Mills suggested
that the basic symmetry group of electromagnetism be enlarged to in-
clude a group describing the symmetry of strong forces. They considered
the simplest equations which were compatible with this invariance, and
which reduced to Maxwell's equations for purely electromagnetic forces.
Today this subject is known as "nonabelian gauge theory," since the
basic symmetry group is a noncommutative group. Here the choice of
the particular group of symmetries is crucial for physics; it is an explicit
example of the philosophy that discovering the symmetry group is a part
of finding the laws of nature.

The notion of a Yang-Mills gauge theory was not at all new. Some
years earlier, mathematicians had introduced the global geometric no-
tion of a fibre bundle and had recast Riemann's geometry into fibre-
bundle theory. A fibre bundle is a space consisting of many similar spaces
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